Research
H ospital care accounts for almost one-third of health care spending, and unplanned re admissions within 30 days after discharge cost more than $20 billion each year in the United States and Canada. 1 Heart failure is one of the most common reasons for admission to hospital and is associated with a high risk of readmission. 1 Although the prognosis for patients with heart failure has improved over the past decade, the risk of early death or readmission after discharge is still high and is increasing.
2 Prompt follow-up of patients with heart failure has been associated with lower rates of death and readmission, 3, 4 and 30-day follow-up has been included as a quality-of-care indicator in Canada. 5 It is unclear, however, whether the postdischarge visits should be with the physician who previously saw the patient or with any physician. Results of studies exploring the association between provider continuity and postdischarge outcomes have been inconclusive and the studies have included few patients with heart failure. 6−9 Intuitively, one might consider physician continuity important for patients with heart failure discharged from hospital, given their age, high comorbidity burdens and complex treatment regimens. However, a robust evidence base and multiple guidelines with consistent messaging on key management principles have made physician continuity potentially less important.
We designed this study to determine whether physician continuity influenced postdischarge outcomes among patients with heart failure beyond the influence of early physician follow-up.
Impact of physician continuity on death or urgent readmission after discharge among patients with heart failure Methods

Data sources
We used deidentified linked data from 4 Alberta Health administrative databases that capture all hospital admissions, emergency department visits and physician visits for the more than 3.7 million people in the province of Alberta. The Discharge Abstract Database records the admission date, the discharge date, the most responsible diagnosis (specified by the hospital attending physician), up to 25 other diagnoses and the acuity (classified as elective or urgent/emergent) of all acute-care admissions to hospitals in the province. The Ambulatory Care Database records all patient visits to emergency departments, with coding for up to 10 conditions. The Health Practitioner Claims Database tracks all physician claims for services and includes up to 3 diagnoses per encounter. The Alberta Health Care Insurance Plan Registry tracks the vital status of Albertan residents and includes the date of death or emigration from the province.
Study cohort
We identified adults aged 20 years or more in the province who were discharged alive after an acute-care hospital admission between Jan. 1, 1999, and June 30, 2009, with a most responsible diagnosis of heart failure (International Classification of Diseases, 9th revision, clinical modification [ICD-9-CM] code 428.x or ICD-10 code I50.x). These codes have previously been shown to have high specificity (99%) and positive predictive value (91%) for heart failure when validated against chart audits of 4008 randomly selected patients admitted to hospital in Alberta in 2003 (during which the prevalence of heart failure was 8.3%). 10 For patients admitted more than once because of heart failure during the study period, we focused on the first admission. We included patients whether or not they had follow-up visits after discharge. We excluded patients who died in hospital or were transferred to another hospital.
Outcome measures
We used the composite outcome of death or allcause urgent readmission within 6 months after discharge as the primary outcome. We excluded elective readmissions (they accounted for less than 5% of all readmissions among patients with heart failure during the study period 11 ). The composite outcome was chosen because it is a patient-relevant outcome that is highlighted by the Canadian Cardiovascular Society, the American Heart Association's Get With the Guidelines -Heart Failure Project and the Joint Commission. 5,12−14 The outcome also has a validated risk-adjustment model.
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Physician continuity measures
We grouped patients according to provider continuity in the first month after discharge. We used the Physician Services Database to identify all physicians who had seen each patient in the year before and during the index admission. We classified patients into 3 mutually exclusive groups based on their follow-up visits in the first 30 days after discharge: (a) no follow-up visits; (b) at least 1 follow-up visit with a familiar physician (defined as a physician who saw the patient at least twice in the year before the index hospital admission or once during the index admission); or (c) at least 1 follow-up visit but not with a familiar physician (as defined above). Patients seen by a familiar physician for followup could have also had visits with other physicians in the first month after discharge.
There is high concordance between patient self-report and Canadian administrative data for identifying providers of care: a previous study showed that 79% of physicians who had 2 or more visits with a particular patient in the previous year were classified by that patient as their regular care provider. 17 We included all physician visits regardless of the billing diagnosis.
To examine the effect of physician continuity throughout the observation period (rather than in the first 30 days alone), we measured physician continuity using the Usual Provider of Continuity Index. 18 The index is a commonly used measure 7−9 calculated as the number of postdischarge visits to the physician of interest divided by the total number of postdischarge visits to any physician. Scores range from 0 (perfect "discontinuity") to 1 (perfect continuity). A score cannot be calculated for patients without postdischarge visits. When the index is calculated as a time-dependent covariate, the score changes at each visit.
ogy. We obtained postal code information for patients from the Alberta Health Care Insurance Plan Registry. We used the first 3 digits (Forward Sortation Area) of the postal code to im pute area-level income as a proxy for socioeconomic status in our multivariable adjustments. We used the second digit of the Forward Sortation Area to classify location of residence as rural or urban.
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Statistical analysis
We used Cox proportional hazard models with time-dependent covariates to analyze the effect of physician continuity after discharge on the composite outcome of death or urgent readmission.
In the primary analysis, the time-dependent covariates captured the categories of physician continuity during the first month after discharge (no visits; ≥ 1 visit with familiar physician[s]; all visits with unfamiliar physician[s]), thereby including all patients even if they had an outcome event during this time. The physician-continuity classification was "locked in" at the end of the first month (or at the time of an outcome event if it occurred in that first month) and did not take into account further visits during the remainder of the 6-month observation period for each patient.
In the second model, in which we used physician continuity throughout the 6-month observation period as the time-dependent covariate, we updated the Usual Provider of Continuity Index score after each follow-up visit in the observation period. The number of postdischarge visits was included as a covariate in the model. The scores were not normally distributed and were therefore categorized into 4 groups based roughly on quartile distributions (0; 0.01-0.49; 0.5-0.99; and 1). Because the index cannot be calculated for patients without a follow-up visit, we excluded patients who died or had an urgent readmission before any postdischarge visit, as well as patients who had no follow-up visits.
In sensitivity analyses, we repeated both models using a 3-month and a 12-month time horizon. Second, we examined continuity with specialists and nonspecialists separately. Third, we excluded patients discharged to long-term care facilities. Fourth, because our primary outcome was a composite of death or urgent re admission, we evaluated the components separately. Fifth, we excluded patients with fewer than 2 follow-up visits in the first month after discharge, because the Usual Provider of Continuity Index can yield spuriously extreme scores for patients with few visits. 20 Finally, we calculated separate Usual Provider of Continuity Index measures for continuity with pre-admission physicians and with inhospital physicians.
We compared baseline characteristics between groups using the Pearson χ 2 test for categorical variables and analysis of variance (ANOVA) for continuous variables. The covariates included in the Cox proportional hazards models included those known to be prognostically important as well as those covariates which were statistically different between groups at baseline and were significantly associated with the composite outcome.
We performed all statistical analyses using SAS version 9.3 (SAS Institute Inc.) and R version 2.12.2 (R Foundation).
Ethics approval
The study design received ethics approval from the Health Ethics Research Board at the University of Alberta.
Results
Patient characteristics
We included 24 373 patients in the study cohort ( Figure 1 ). More than 90% of the patients had had at least 2 visits with the same physician in the year before admission; we were able to identify a familiar physician for the remaining Excluded n = 3252
Excluded n = 340
(not seen by a physician meeting definition of "familiar physician"*) Note: COPD = chronic obstructive pulmonary disease, ICU = intensive care unit, IQR = interquartile range, MI = myocardial infarction, SD = standard deviation. *Unless stated otherwise. †A familiar physician is defined as one who had seen the patient at least twice in the year before the index hospital admission or once during the index admission. ‡Values were calculated using the Pearson χ 2 test for categorical variables and analysis of variance for continuous variables. §The Charlson Comorbidity Index score was calculated using 1 point for history of MI, peripheral vascular disease, cerebrovascular disease or diabetes without complications; 2 points for congestive heart failure, COPD, mild liver disease or cancer; 3 points for dementia or connective tissue disease; 4 points for moderate to severe liver disease or HIV infection; and 6 points for metastatic cancer. patients using their hospital records. On average, the patients were older, had extensive comorbidities and frequently used the health care system in the year before their admission (Table 1) .
In the first month after discharge, 4811 (19.7%) of the patients died or had an urgent readmission (Table 2) . Not surprisingly, these patients were older, had more comorbidities, were more likely to live in a rural area, had longer stays during the index admission and used more health care resources in the year before the index admission than the other patients in the cohort. Overall, 21.9% of the patients had no follow-up visits in the month following discharge (dropping from 27% in 1999 to 19% in 2009). Compared with the rest of the cohort, these patients were more likely to be older, to live in a rural area, to be female and to have dementia or cerebrovascular disease, and had more hospital admissions and emergency department visits and fewer physician visits in the year before the index admission (Table 1) .
Follow-up visits after discharge
The median time to the first postdischarge visit was 9 days (interquartile range [IQR] 4-26). Most of the patients (19 037/24 373, or 78%) had their first follow-up visit in the first 30 days after discharge, with only a further 10% having it after 30 days (Figure 2) . Patients with any follow-up visits in the first 30 days had a median of 2 visits (IQR 1-3) in that month. Of the patients seen in the first month after discharge, 88.5% (16 855/19 037) were seen by a familiar physician (87.9% of these visits were with a general practitioner, 9.1% were with a heart-failure specialist [internal medicine or cardiology], and 3.0% were with another specialist). Patients seen by familiar physician(s) in the first month were more likely to have diabetes, atrial fibrillation or hypertension and had more physician visits in the year before the index admission compared with the rest of the study cohort (Table 1) .
Effect of physician continuity within 30 days after discharge
Physician follow-up within 30 days after discharge was associated with a lower risk of death or urgent readmission over the 6-month observation period compared with no follow-up in the first month, with no significant difference between groups seen by familiar and unfamiliar physicians ( Figure 3, Tables 2 and 3) . Similar results were observed over the 3-and 12-month time horizons (Table 3) , and after we excluded the 1791 patients discharged to a long-term care facility There were no appreciable differences in the effect estimates when we subdivided the patients who saw familiar physicians according to whether they saw familiar physicians exclusively (adjusted HR 0.87, 95% CI 0.83-0.91) or saw both familiar and unfamiliar physicians (adjusted HR 0.89, 95% CI 0.83-0.95). Similarly, no appreciable differences in effect were observed when we subdivided patients according to whether the familiar physician was a specialist (adjusted HR 0.88, 95% CI 0.81-0.95) or a nonspecialist (adjusted HR 0.87, 95% CI 0.83-0.91).
In the analyses in which we evaluated the outcome events over 6 months separately, the adjusted HR for risk of death was 0.66 (95% CI 0.61-0.71) among patients followed up by famil- 
Effect of physician continuity throughout observation period
The Usual Provider of Continuity Index scores were very high for patients followed by familiar physicians (mean 0.9 ± standard deviation [SD] 0.2). Most of these follow-up visits were with physicians who had seen the patient before the index admission (mean score 0.8 ± 0.3) rather than during the admission (mean score 0.5 ± 0.5). Continuity scores remained high even after we excluded patients with only 1 follow-up visit within 30 days after discharge (mean 0.8 ± 0.2) or those with fewer than 3 visits within 30 days after discharge (mean 0.8 ± 0.2). After adjusting for all relevant covariates (including the number of follow-up visits), we found that the risk of an outcome event was significantly lower among patients whose follow-up visits were exclusively with familiar physicians (i.e., continuity score of 1). Over 6 months, such patients had a reduced risk of an outcome event (adjusted HR 0.91) compared with the risk among patients whose follow-up visits were exclusively with unfamiliar physicians (Table 4) . The interactions between the continuity index categories and number of follow-up visits after discharge were not statistically significant and were thus not included in our model.
Follow-up with a familiar physician who had seen the patient before the index admission was associated with a lower risk of an outcome event than follow-up with a familiar physician who had seen the patient during the index admission, although this difference dissipated over time: adjusted HR 0.91 (95% CI 0.82-1.02) versus 1.06 (95% CI 0.96-1.16) over 1 month, and 0.98 (95% CI 0.91-1.04) versus 1.04 (95% CI 0.98-1.10) over 6 months.
Interpretation
We found that more than three-quarters of patients admitted because of heart failure received follow-up care within 30 days after discharge, most often with a familiar primary care physician. Early follow-up was associated with a lower risk of death or urgent readmission over 6 months, compared with no visits in the first month after discharge, regardless of whether the follow-up was with familiar or unfamiliar physicians. However, when we examined follow-up patterns throughout the 6 months after discharge, continuity with a familiar physician was associated with a significantly lower risk of death or readmission than follow-up with an unfamiliar physician, with similar effect estimates for specialist and nonspecialist follow-up.
Our findings are similar to those of previous studies showing an association between early physician follow-up and improved outcomes among patients with heart failure. 3, 4, 16 We also found that physician continuity was associated with further reductions in adverse outcomes. This result is consistent with those of studies from primary care settings in which patients with greater physician continuity were more likely to receive guideline-consistent care 21 and less likely to present to the emergency department 22 or experience avoidable hospital admissions. 23, 24 Our findings are also congruent with those of a recent study of Medicare beneficiaries, which showed that patients treated by hospitalists were less likely to see their regular primary care physician after discharge and more likely to have subsequent emergency department visits and readmissions. 25 Indeed, the absolute reduction of 3% to 8% in risk of death or urgent readmission (calculated using life table analysis to account for variation in lengths of follow-up) observed over 3-12 months in association with follow-up in the first month after discharge was in the same range as the absolute benefits seen in placeboResearch CMAJ, October 1, 2013, 185(14) E687 *Covariates associated with death or urgent readmission that were included in the adjusted models at each timeframe included age, sex, length of index admission, Charlson Cormibidity Index score at discharge, number of emergency department visits for any cause in the 6 months before the index admission, number of visits to physician for any cause in the year before the index admission, residence (rural v. urban), income quintile, requirement for care in intensive care unit during index admission, specialist involvement during the index admission, number of visits to specialist for any cause before the index admission, admission to long-term care facility after discharge, and presence or absence of diabetes, atrial fibrillation, dementia, and prior myocardial infarction or coronary revascularization. Note: CI = confidence interval, HR = hazard ratio, ref = referent. *The crude data (% with event and events per 100 person-years) are misleading. For the time-varying groups used in the Cox models, each patient started with a Usual Provider of Continuity Index (UPC) score of 0 (perfect "discontinuity") or 1 (perfect continuity) after his or her first follow-up visit. Subsequent follow-up time (i.e., the denominator for the person-years column) continued to accrue in the patient's starting group if his or her UPC score remained 0 or 1; it switched to one of the intermediate UPC groups (change in score to 0.01-0.49 or 0.5-0.99) as soon as the patient saw a different physician; or it was censored if the patient had an outcome event (death or urgent resubmission). Thus, patients who had an event while in the UPC 0 or 1 group were counted in the numerator for that group but without further accrual of follow-up time in the denominator; on the other hand, if patients without an event transition to one of the intermediate groups, their follow-up patient-years would accrue in the denominator for the intermediate groups, thus providing a misleadingly low event rate per 100 patientyears in those groups. This was not an issue in the Cox models used to generate the HRs, because the risk sets were re-evaluated at each timeframe based on the time-varying UPC scores. †See Table 3 for covariates included in the adjusted models at each timeframe. In addition, the models for the above sensitivity analyses included number of outpatient visits after hospital discharge up to each timeframe.
controlled randomized trials of angiotensin-converting-enzyme inhibitor or β-blocker therapy. 26, 27 Because comorbidities are the main driver of outcomes among patients admitted to hospital with heart failure (more than three-quarters of all readmissions and emergency department visits after discharge are for diagnoses other than heart failure), 11, 28 we examined all-cause follow-up visits and all-cause readmissions rather than heartfailure events. Indeed, the composite outcome of death or all-cause urgent readmissions within 30 days after discharge has been advocated as a better indicator of quality of care in heart failure than process-of-care measures, given the poor correlation between process indicators and patient-relevant outcomes in heart failure. 14 
Limitations
We identified familiar physicians using both preand in-hospital data in a universal health care setting and with inclusion of patient postal codes as a proxy for socioeconomic factors. Although our administrative data did not capture detailed clinical data or indicators of severity of disease (e.g., ejection fraction and natriuretic peptide levels), the outcomes we examined are relevant for patients with heart failure regardless of their ejection fraction, cause of heart disease or clinical status. In contrast to previous studies, we used analytical methods to account for immortal time bias and showed a consistent and reproducible benefit of physician continuity. 29 We were unable to assess and control for the dissemination of discharge summaries or other information from the hospital to community physicians at the time of discharge; however, studies that have examined information continuity have documented very low rates in these settings. 6, 7 Moreover, direct communication between hospitalists and primary care physicians was not associated with an impact on readmission rates in a recent study from Johns Hopkins Hospital. 30 We had no information on adherence to prescribed medications or scheduled follow-up visits and thus could not make any inferences about physician intent.
The most important limitation to our study is its observational design. Like previous analyses in this area, we are unable to conclude definitively that physician continuity improved outcomes despite the strength and consistency of the associations we found. Patients who were sicker, or those with serious new diagnoses, may have been more likely than other patients to have early follow-up with new physicians not previously involved in their care. If so, the continuity scores would have been lower for these patients, which may explain the association between poor continuity and increased risk of adverse events. However, we did not find any difference between the groups in LACE scores at discharge, which is the strongest predictor of death or urgent readmission after discharge. 15 (LACE is a nmemonic derived from variables independently associated with the outcome of death or urgent readmission within the first month after discharge: length of stay ["L"]; acuity of the admission ["A"]; comorbidity of the patient, as measured with the Charlson Comorbidity Index score ["C"]; and emergency department use, measured as the number of visits in the 6 months before admission ["E"].) In addition, our findings may have been influenced by a healthyuser bias. Patients more concerned about their health may have been more likely than other patients to schedule and attend follow-up visits with familiar physicians. It is unlikely that future randomized controlled trials will be able to randomly assign patients to no follow-up or to follow-up only with unfamiliar physicians. The only randomized trial in this area was conducted nearly 30 years ago.
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Conclusion
The transition from hospital back to the community is particularly risky for patients with heart failure. Our findings showed that prompt followup within 30 days after discharge and physician continuity were both important modulators of the risk of death or urgent re admission in this patient group. Thus, we believe that physicians should strive to optimize continuity with their heart-failure patients after discharge and that strategies are needed in the health care system to ensure early follow-up after discharge with the patient's regular physician. Research is needed to explore whether physician continuity is important for other conditions and in settings other than recent hospital discharge.
